Objective: Altruistically, the developmental stage of adolescence poses a unique time frame to instil positive oral health behaviours. Caries are commonly associated with lower socioeconomic populations and regional or rural regions and are often prevalent in adolescents. This research project assessed the patterns of oral health and oral health behaviours of adolescents and investigated any potentially changeable behaviours or ways in which health services might support improvement in their oral health.
Introduction
Adolescence can be a mixture of social, biological and developmental changes, commonly occurring concomitantly with increased opportunities to engage in risky health behaviour, such as poor dietary choices, neglect of personal hygiene and experimental illicit drug and alcohol consumption. 1 However, more altruistically, the developmental stage of adolescence poses a unique time frame to instil positive health behavioural practices that might carry on for a lifetime. 1, 2 Dental caries are caused by inadequate access to fluoride, highly cariogenic diets and a lack of preventative measures, such as routine dental visits. Recent dental health research has focused on the value of preventative practices, in the form of 'minimal intervention dentistry' (MID). 3 Central to the MID philosophy is a focus on early detection of carious lesions, risk assessment, minimally invasive restorative techniques and remineralization where possible. 3 A corollary to preventative measures is to identify enablers who support these practices, such as financial support for regular dental check-ups.
It has been well documented that lower socioeconomic groups are associated with increased severity and presence of dental caries. 4 Additionally, those located in rural locations have been shown to experience higher levels of untreated dental caries and risk factors for dental caries development. 5 Individuals living in regional and rural areas might face many barriers to accessing timely care, including financial constraints and long distances to travel.
Current research into adolescent oral health practices is limited. Dental anxiety and fear have been shown to affect an individual's willingness and frequency in attending dental clinics for routine treatment. 6 A cohort study using data from the Australian National Oral Health Survey concluded that educational level, residential location and dental fear were all predictors of untreated dental decay for the young Australian population. 7 A statewide study completed in New South Wales on children aged 14-15 years reported that dental caries increased in those of socioeconomic disadvantage and those located in regional areas. 8 This study concluded that the Child Dental Benefit Schedule (CDBS), to be implemented by the Commonwealth Government, is anticipated to address financial barriers. 9 The government scheme provides families under Tax Benefit A $1000 to be used over 2 years for dental treatment for all children aged 2-17 years. 10 Our current study provides research focusing on oral health for adolescents post-implementation of the scheme. This research project focused on an initial assessment of adolescents' oral health and the need for treatment. It is intended that the findings from the project might be useful to guide service redesign models for adolescents.
Aims and objectives
This project will assess the oral health of adolescents within the regional and rural areas of the ColacOtway Shire and report on oral health behaviours.
Methods
The study was completed in the Colac-Otway Shire (population: 20 345) of Victoria. The region, located over 150 km from central Melbourne and 100 km from Geelong, experiences high levels of socioeconomic disadvantage. Water fluoridation of the town water supply was provided in 2010; however, a significant percentage of the population does not have access as they live on rural properties reliant on tank water.
The project was delivered to four secondary colleges in 2017 within the Colac-Otway Shire: Colac Secondary College, Trinity College, Lavers Hill K-12 College and Apollo Bay P-12 College. All students in years 7-10 were invited to participate, with ages ranging from 11 to 17 years. Letters inviting students to participate were distributed via teaching staff, school health nurses and well-being officers. Informed consent from parents or guardians and students was received.
One-hundred-and-forty-three students, with an average age of 13.3 years (standard deviation, 1.3 years), agreed to participate (52% female). We estimate that there would be approximately 758 children of a similar age (12-14 years) in the region; therefore, we had a participation rate of 19%.
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Dental screening was completed by an oral health therapist on site at the secondary colleges and was assessed to gauge a measure of the unmet dental need. Tooth surfaces were scored according to the International Caries Detection and Identification System II. On average, an adult mouth has 28 teeth with five surfaces each. Any students identified with carious lesions were referred for follow-up treatment at the community dental clinic. To assess dental anxiety levels, the Modified Dental Anxiety Survey (MDAS) was conducted prior to dental screenings. Students expressed anxiety for five questions with scores ranging from 'not anxious' (1) to 'extremely anxious' (5) . A summation of all scores that was greater than 19 was considered as severe dental anxiety. 12 The World Health Organization Oral Health Survey for children was used to elicit information regarding oral health practises. 13 The associations between dental decay and oral health behaviours were assessed using an odds ratio (OR).
Ethics approval
Ethical approval for this study was obtained from the Victorian Department of Education and Training (2015_002800), the Ballarat Catholic Dioceses for Education and the Barwon Health Human Research Ethics Committee (15/89).
Results

Oral health behaviours
The students were asked to describe the health of their teeth, with 39 (27%) choosing 'excellent' or 'very good', 47 (33%) 'good', 29 (20%) 'average', 6 (4%) 'poor' and 22 (15%) 'did not know'. When asked about toothache in the preceding 12 months, 21
What is already known on this subject:
• High proportions of dental decay are found in populations of lower socioeconomic areas and regional and rural areas.
• The Child Dental Benefit Schedule was introduced to support costs associated with dental screening and treatment.
What this study adds:
• The proportion of adolescents suffering from dental decay postimplementation of the Child Dental Benefits Schedule (Dental Health Services Victoria) is significant (62%).
• One in five students had not attended a dental clinic in the prior 12 months.
(15%) reported 'occasionally', 70 (49%) 'rarely', 42 (29%) 'never' and 10 (7%) 'do not know'. Participants reported how often they went to the dentist during the past 12 months: 39 (27%) reported 'once', 23 (16%) 'twice', 21 (15%) 'three times', 6 (4%) 'four times', 10 (7%) 'more than four times', 25 (17%) 'no visit', 5 (3%) 'have never visited a dentist' and 14 (10%) 'do not remember' or 'do not know'. The reason for the last visit was 'pain or trouble with teeth' (n = 4, 3%), 'treatment follow-up' (n = 12, 8%), 'routine check-up' (n = 80, 54%) and 'do not know' (n = 4, 3%). Students reported cleaning their teeth: 'never' (n = 4, 3%), 'several times a month' (n = 4, 3%), 'once a week' (n = 4, 3%), 'several times a week' (n = 3, 2%), 'once a day' (n = 36, 25%) and 'twice daily' (n = 92, 64%). Eighty-four (56%) reported using dental floss and 113 (79%) did not know whether their toothpaste contained fluoride. Eight (6%) participants scored in the dentally anxious category (≥19). Scores using the MDAS questionnaire averaged a score of 10 (interquartile range (IQR), [8] [9] [10] [11] [12] [13] .
Problems associated with the state of their teeth included 'not satisfied with the appearance' (n = 45, 31%), 'avoiding smiling and laughing because of teeth' (n = 14, 10%), 'other children make fun of my teeth' (n = 4, 3%), 'toothache forced me to miss school' (n = 7, 5%), 'having difficulty biting hard foods' (n = 15, 10%) and 'having difficulty chewing' (n = 14, 10%). The students were asked whether they eat or drink the following every day: 'fruit' (n = 101, 71%), 'biscuits and cakes' (n = 31, 22%), 'soft drinks' (n = 17, 12%), 'jam or honey' (n = 14, 10%), 'sweets or lollies' (n = 8, 6%), 'milk with sugar' (n = 20, 14%), 'tea with sugar' (n = 6, 4%) and 'coffee with sugar' (n = 6, 4%). Three (2%) students reported always smoking. The students were asked the level of education their father completed and the response was 29 (20%) completed 'primary school', 52 (36%) 'secondary school', 23 (16%) 'college or university', 3 (2%) 'had no male adult in household' and 36 (25%) 'did not know'. Similarly, the education completed by their mother was 16 (11%) for 'primary school', 61 (43%) 'secondary school', 39 (27%) 'college or university', 1 (1%) 'had no adult female in the household' and 26 (18%) 'did not know'.
Dental screening by oral health therapist in the schools
Two-hundred-and-seventy-two tooth surfaces were previously filled in 77 (54%) students. On average, adolescents were missing two teeth (IQR, 1-4 teeth) due to caries, trauma or unerupted. The dental screening identified early carious lesions in 86 (60%) students and 569 tooth surfaces. On average, a median of 5 (IQR, 3-7) tooth surfaces were affected (range of 1-29 tooth surfaces). More advanced decay was found in 39 (28%) adolescents for 89 tooth surfaces. In total, 89 (62%) adolescents were suffering from decay and referred to the community dental clinic for treatment and therefore 54 (38%) were caries -free. There were three (2%) adolescents suffering advanced decay only and 50 (35%) with early carious lesions and no advanced decay. Thirty-six (25%) adolescents had both early and advanced decay.
Increased risk of dental decay
Univariately, there was an increase in the OR for dental decay associated with perceived poor oral health, no visit to the dentist in the prior 12 months or never visiting the dentist, consuming soft drinks, sweets or lollies every day and if the mother's highest completed education level was primary school (Table 1) . Eating fruit was associated with reduced odds for decay. In combination the multivariate model to predict advanced decay resulted in no regular dental check-up increasing the odds, while fruit consumption was protective. Similarly, predicting decay in general, the OR was increased for no dental check-up and soft drink consumption. There was no association between dental anxiety and dental decay (OR, 1.01; 95% confidence interval, 0.24-4.23).
Discussion
The Australian Institute of Health and Welfare, in 2010, reported caries to be present in 52% of 13 year old adolescents. 14 The CDBS was introduced in 2014. Our study reports on the prevalence of caries as 62% in 2017. We acknowledge that our report is only a short time after the introduction of the CDBS and our study includes a regional and rural area with some lower socioeconomic regions and we would therefore expect a higher rate of decay. However, if financial reasons were a barrier stopping adolescents from attending the dental clinic for screening, the introduction of the CDBS should have made more adolescents aware of ways that they could attend dental clinics at no cost and we would have expected a more comparable rate of decay to that of 2010.
Key dietary habits associated with the increased need for dental treatment were identified. Namely, increased soft drink consumption was associated with an increased need for dental treatment. This finding has been replicated in several studies. 5, 8 In this current study, consumption of daily fruit was shown to be 
protective against the need for further dental treatment, suggestive of those with positive dietary habits. There are two kinds of sugars in our diet: those that naturally occur in foods and those added to our foods. We might welcome a sugar tax in Australia as a way that we might finally see a reduction in the amount of sugar added to our food. The sugar tax has already been adopted in many countries, including the UK, France, Belgium, Norway, Finland, Hungary, South Africa, Chile, Mexico and some USA cities. 15 Will Australia follow their lead?
Armfield et al. reported in 2013 that fluoridated water helped to negate the effect sweet beverages has on decay in Australian children. 4 Colac's water is sourced from reservoirs in the Otway Ranges where it is filtered, disinfected and fluoridated. Birregurra and Forrest are supplied with water from the reservoir, which also supplies the regional city of Geelong. Gellibrand's water is pumped from Lardner Creek to a storage tank and treatment plant. The aforementioned are towns within the Colac-Otway Shire and they show the various ways in which the water is supplied to the region. Shire-supplied water is fluoridated but the water need of the region is large enough to require many sources, including large rural and residential water tanks that are unlikely to be fluoridated.
Prior findings have found tooth brushing reduced the risk of decay and therefore must be considered when delivering health promotion messages for adolescents. 1, 8, 16 Our study did not find a significant relationship between irregular tooth brushing and decay; however, we must acknowledge the potential for a type II error. This research did not observe any significant associations with dental anxiety. We found it difficult to engage the students to participate in this study and we acknowledge a low participation rate. However, we do not anticipate any bias as engagement was difficult across all schools. Engagement with secondary schools proved to have unforeseen difficulties and therefore when engaging with adolescents, it might be beneficial for further research to approach participants outside the education sector to increase participation.
The strongest predictor of decay in this current study was not visiting the dentist for a regular dental check-up. Programs originally established by Dental Health Services Victoria 17 have seen the oral health therapists visit in early learning centres. Extending a similar program to secondary schools in lower socioeconomic and rural regions might be advantageous, particularly if the program includes screening and fluoride application for early carious lesions. There was 60% who were suffering from early carious lesions that might be responsive to treatment, such as topical fluoride; however, studies such as this in adolescents are not yet available and might be a topic for future research. Fluoride application has been successful in remineralizing early caries in younger children in an Indigenous population. 
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